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Abstract 
We report the development of a gas preconcentrator based on carbon nanotubes for an efficient detection of benzene. 
The carbon nanotubes are spray coated on the preconcentrating support and their concentration factor is being 
determined. The results confirmed the adsorption of benzene in different tested CNT samples with different degrees 
of affinity. Among these materials, MWCNTs fabricated by Arc discharge method provided a sharp desorption peak 
at 250 ºC with a practical concentration factor of 70. 
 
© 2011 Published by Elsevier Ltd. 
 
Keywords: Gas preconcentrator; carbon nanotubes; benzene 
1. Introduction 
Benzene is an illustrative example of the compounds which deserve a special attention due to its 
serious effects on human health. In the case of gaseous beverages such as sodas and beers, the 
International Society of Beverage Technologists (ISBT) has defined the quality standards for the CO2 to 
be used in this application, defining a threshold limit for benzene in 20 ppb, while other hydrocarbons like 
methane can be present in concentrations up to 30 ppm [1]. Metal oxide gas sensors were shown to be 
candidates for assessing the carbon dioxide quality for these applications. Nevertheless the sensitivity to 
benzene does not meet these requirements. A gas preconcentration step is therefore unavoidable prior to 
the detection stage. One important parameter to consider, when designing a gas preconcentrator is the 
adsorbent nature. In that sense, the excellent properties of carbon nanotubes (CNTs), along with their 
nano-scale features, make them ideal candidates for micro-scale devices, such as, microconcentrators. A 
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recent and exhaustive review about such applications is available in [2]. Most of works were focused on 
the preconcentration of hydrogen and methane with CNT based materials and very few works have been 
reported on the special case of benzene [2-4]. Herein, a set of different commercially available CNT 
samples either SWCNTs, DWCNTs or MWCNTs produced in different fabrication conditions are tested 
towards benzene preconcentration. 
2. Experimental 
2.1. Preconcentrator fabrication 
The CNT adsorbents tested here were prepared from three different commercially available pristine 
CNTs provided by three different companies: Nanocyl with different structures (MWCNTs, DWCNTs 
and SWCNTs), Mercorp and He Ji, SA. The different samples were first dispersed in acetone or 
dimethylformamide (DMF) and then spray coated over a self heated alumina support at 6 L/min of N2, 
following the optimal deposition parameters represented in table 1.  
Table 1. Characteristics and deposition parameters of the different commercial pristine carbon nanotubes 
 
In order to promote their adhesion to the adsorbing support, the different deposited samples were 
subjected to a heating thermal treatment, at 250 ºC during 2 h using a heating and cooling rate of 4 ºC/min 
in a N2 for not to further oxidize the samples. This treatment was carefully adjusted for eliminating 
completely the dispersing solvent without affecting the CNT structure. The morphology of these layers 
was observed using an Environmental scanning electron microscope. 
2.2. Study of the preconcentrator performance 
The preconcentration tests consisted of an absorption cycle of 10 min at a flow of 100 ml/min from a 
calibrated cylinder of 150 ± 6 ppbs of benzene balanced in CO2, followed by an injection of the 
preconcentrated vapour to a mass spectrometer, at 250 ºC under 100 ml/min of helium. 
To study the reproducibility of the results, three concentrators were prepared from the same sample and 
for each sample, the measurements were replicated three times.  
Commercial 
precursor  
Sample Average  
diameter 
(nm) 
Length  
(μm) 
Specific 
surface 
 area 
(m2/g)
 
Organic 
Solvent 
Suspension 
(mg/ml) 
Distance 
Nozzle-
Substrate 
(cm) 
Hotplate 
T (ºC) 
Volume 
(ml) 
 
 
Nanocyl 
 
MWCNTs  
(NC3100) 
9.5 1.5 ND DMF 0.05 7-8 190-200 25 
DWCNTs  
(NC2100) 
3.5 1-10 > 500 Acetone 0.1 5.5 120 20 
SWCNTs  
(NC1100) 
2 Several > 1000 Acetone 0.2 5.5 120 10 
Mercorp 
 
MWCNTs  
(MRGC) 
6-20 1-5 ND Acetone 0.2 5.5 120 30 
He Ji SWCNTs  
(S4401) 
1.1 10-20 > 400 Acetone 0.2 5.5 120 10 
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3. Results and discussion 
The ESEM images performed on the CNT layers showed a homogeneous covering of the material 
over the alumina substrate, thanks to the advantages of the airbrushing technique. However, the CNTs 
form a network of bundles due to Van der wall forces, as can be observed in figure 1. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. ESEM image of MWCNTs spray-coated over the alumina support 
The different concentrators were studied towards benzene adsorption and their adsorption capacity 
was reflected by their concentration factor, defined as the ratio of the integrated area of the desorption 
peak by the bottle reference peak. Fig. 2 and 3 represent respectively the desorption peaks and the average 
concentration factor obtained with the different samples normalized per mg of adsorbent. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig  2. Desorption peaks obtained with the different CNT samples 
 
As general observation, all the different samples adsorb benzene since their concentration factor is higher 
than 1. In fact, the adsorption of benzene can occur on the external wall surface of the CNT, in the 
grooves and the interstitial sites through ʌ- ʌ interaction or through capillary condensation in its internal 
pores [5]. In the case of MWCNTs, the layer-to-layer spacing of 0.34 nm is generally smaller than the 
radius of gyration of organic vapours, so most organic chemicals, such as benzene are too large to be 
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adsorbed between the MWCNT layers [6]. However, the order of the affinity of the different samples 
seems to be inconsistent with the order of their surface area, by contrast to what would be expected. In 
fact, on what concerns the pristine materials from Nanocyl, all elaborated following CVD, MWCNTs 
presented the best concentration factor towards benzene, compared to SWCNTs or DWCNTs. However, 
theoretically, it was expected that SWCNTs may better adsorb benzene considering their higher surface 
area in comparison to double walled followed by multiwalled CNTs. On the other hand, DWCNTs 
presented the worst concentration factor.  
Also, if we focus on SWCNTs and we compare the samples NC1100 and S4401 provided by Nanocyl and 
HeJi companies respectively, we see, that the NC1100 samples presented a concentration factor lower by 
around 3 times than the one due to S4401 samples. Indeed, it was reported in literature that SWCNTs of 
lower diameter present higher adsorption capacity towards benzene [7]. In this case, the adsorbate 
molecules are subjected to a larger interaction potential from the delocalised electrons in the nanotube 
walls. Even if S4401 samples present a slightly lower diameter (1-2 nm) than NC1100 samples, we can’t 
confirm that the difference in their adsorption capacity is due to the difference in their diameter since this 
difference is too low. The same observation can be drawn by comparing MRGC and NC3100 samples. 
The experimental results obtained here suggested that the adsorption capacity of the CNTs towards 
benzene is very weak (too low concentration factors). And this can be due to the bundling effect of CNTs, 
which was reported to cause a significant reduction in surface area [8]. Surprisingly, the highest 
desorption peak and best concentration factor was attributed to MWCNTs and especially the sample 
prepared from Arc discharge, achieving a practical preconcentration factor up to 70.  In this case, a very 
narrow desorption peak is obtained at 250 ºC in less than 30 sec (Figure 3). 
 
 
Fig. 3.  Concentration factors obtained with the different CNT samples 
 
4. Conclusion 
Different types of carbon nanotube samples were tested towards benzene concentration. The 
experimental results suggested the adsorption capacity of the different CNT samples. However, the 
best results in terms of gas preconcentration were achieved by MWCNTs with a practical 
concentration factor around 70 and a very narrow desorption peak which can be useful for the 
application of this preconcentrator as injector unit in front of a microdetection system. 
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